RE 


Vol. IX. — No. 40. 


October 1927. 


BULLETIN 


INTERNATIONAL RAILWAY CONGRESS 
ASSOCIATION 


(ENGLISH BDITION 


[ 62. (01 ] 


The cause of cup shaped fractures in tensile test pieces, “) 
By Cu. FREMONT. 


Figs. 1 to 47, pp. 823 to 827, 


(Le Génie Civil.) 


Duguet, an artillery officer, seconded 
to the Technical Section, has given the 
following explanation of the manner in 
which test pieces which have drawn out 
under tensile stress, break (2): 

The breakage begins along the helicoi- 
dal lines b, c, inclined to the meridians 
and normal to the surface of the cylin- 
drical part; it staris on the outside in the 
plane through the least area and develops 
on both sides thereof at ithe same time 
that it extends towards the interior 
(fig. 1). 

Duguet also pointed out that a small 
central hole or passage r, r/ hollowed out 
along the axis of the test piece and ex- 
tending a short distance from the plane 
of least area is sometimes found (fig. 2). 


(1) Elaboration by Mr. Lecornu of a note by 
Mr. Ch. Frémont read before the « Académie des 
Sciences », at the Meeting held on the 25 April 1927: 
this development forms a chapter of a pamphlet that 
will be published shortly. 

(2) Ch. Duaurr : Déformation des corps solides. 
Limite d’élasticité et résistance a la rupture (deu- 
xiéme partie), | Deformation of solid bodies. Elastic 
limit and breaking strength (second part)], p. 119, 
Paris, 1885. 
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Based on this first hypothesis on ‘the 
manner in which fracture occurs, Duguet 
deduced other theories on the distribu- 
tion of the forces which ultimately cause 
the failure. 

In opposition to Duguet’s first hypo- 
thesis, we now know that the breakage 
begins in the inferior and at the centre 
of.the test piece : consequently as this 
thecry is wreng any deductions there- 
from are also incorrect. 

Mr. Louis Hartmann, artillery officer, 
observing a cup shaped fracture (fig. 3) 
stated that « the generators a, b of the 
frustum of cone formed by the surface 
round the fracture with the plane of least 
area make the same angle with the axis 
of the test piece as the helices with the 
generator of the cylinder (?) >. 

These helices are surface lines making, 
some to the right and others to the left, 
the same angle with the generators of 
the cylindrical test piece. 

Mr. A. Mesnager, accepting Mr. L. Hart- 


(3) L. Harrmann : Distribution des déformations 
dans les métaux soumis a des efforts (The defor- 
mation effects in metals subjected to stress), p. 15, 
Paris, 1896. 
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mann’s theory, has given a similar expla- 
nation of breakage by striction in his 
paper on « Permanent deformation > (1): 


« Breakage by reduction of area, -— 
When tthe piece draws out, the test 
piece may break partly by tearing, and 
partly by slipping, cup sheaped fracture 
(fig. 4). 

« The drawn down section MN carries 
the greatest normal loads. The section 
CD being greater than that of a prism of 
base MN, tthe breakage at the centre 
about A may be produced by tearing 
away whilst the prism is still undergoing 
deformation through slipping. Contra- 
riwise, when the outside is approached, 
the plane of slipping P1 differs less and 
less from the section of the prism of 
base PN, and consequently there is a 
point P at which the breakage through 
slipping requires less force ‘than a break- 
age by tearing. In this event the form 
should be as shewn in figure 5. 

« The dimensions of the different parts 
of the cup can therefore give an indica- 
tion as to the relationship existing be- 
tween the hardness and the cohesion of 
the metal at the moment of fracture. > 


The explanation of the formation of 
the cup in fractures in which the metal 
has drawn out given by Messrs. L. Hart- 
mann and A, Mesnager is wrong, as it is 
based on the incorrect law of the defor- 
mations under a constant angle put for- 
ward by Mr. Hartmann as a result of de- 
fective experimental work. 

To find the explanation of the cause of 
the formation of.the cup shaped frac- 
ture, all that is necessary is ito observe 
what occurs experimentally. 

If a tensile test piece be taken of very 
ductile steel built up of two concentric 
parts: the centre a solid cylinder and 
about it a hollow cylinder or tube, and 


EEE — 

(4) Commission des Méthodes d’essai des maté- 
riaux de construction. Deuxiéme session. Tome IJ, 
p. 119. (Commission on the methods of testing 
constructional material. Second session. Vol. II, 
pid), 2 


if this tubed test piece be ttested in ten- 
sion to fracture, the point of reduction 
of area in each coinciding, the local de- 
formation shewn in the photograph 
(fig. 6) will be obtained. 

The solid part having been drawn 
down at the plane of minimum section 
and the tube having become thinner at 
the same point, the two pieces are no 
longer in contact at this place, an 
empty circular space separating them. 
Figure 7 is traced diagrammatically from 
the photograph (fig. 6). 

If we now suppose the solid cylinder 
and the tube over itt, instead of being 
simply in contact, to be adherent as if 
welded, the deformation produced at the 
drawing down will be different from the 
last. The part of minimum area of the 
tube will not be separated from the cor- 
responding part of the solid cylinder, 
and there will not be an empty circular 
space separating the two reduced sec- 
tions. The cylinder in drawing out 
will take with it radially the metal 
at the reduced section of the tube 
as the two parts are now solidly 
adhering together: the drawn out part 
of the tube bends inwards anid conse- 
quently will undergo a very slightly 
greater extension than under the previ- 
ous hypothesis. On the other hand, the 
ring of metal, where the tube has drawn 
out, will be of less outside diameter, and 
the metal in this part, if in one direction 
it is drawn out more, is on the contrary 
much compressed in the other, by the 
fact of this circular contraction effected 
in a transverse plane of the test piece. 

The metal of this ring corresponding 
to the groove where the metal has drawn 
down is also under restriction, and :as in 
deforming it does not change in density 
appreciably, the ring in reducing in 
diameter tends to get larger, and in con- 
sequence supplies metal longitudinally, 
which allows a greater local extension 
to take place. 

Summing up, the metal, at the bottom 
of the groove where drawn out most and 
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Fig. 2. Fig..3. — Diagram 
Whistle shaped fracture of a cup shaped fracture 
with central hole (Duguet). according to Hartmann. 


Fig. 4. — Diagram shewing 
the drawing 
out (Mesnager). 


Fig. 5. — Shape of the cup 
shaped fracture (Mesnager). 


Figs. 4 to 5. 


Fig. 6. — Fracture of the tubed test piece built up of two concentric parts 
in very ductile steel. 
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Figs. 7 to 11. — Diagrams shewing the formation of the cup in a small bar 
of mild steel broken in tension. 
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all round the test piece, whilst lengthen- 
ing longitudinally, is at the same time 
compressed by being drawn out: there 
is interiorly a surface of deformatioa 
which isolates in this way a circular 
ring, the section of which ‘has the form 
of a crescent (fig. 8). 

During the reduction of the peripheral 
ring dirawn towards. the centre of the 
test piece, by reaction, the metal at the 
centre is drawn radially towards the out- 
side, which explains the birth of the 
small channel at the centre of the frac- 
ture noted by Duguet. This reduction, 
by supplying, through compression, metal 
to the ring at the groove, enables the 
ring to lengthen still more by tension 
whilst the central part not strengthened 
up, breaks (fig. 9). This phenomenon 
of deformation makes it clear that the 
beginning of the breakage of the test 
piece does indeed take place at the cen- 
tre (1) after which it continues by peri- 
pheral tearing following the interior 
curve of the crescent section ring. 

Let us see how this tearing along the 
periphery of the groove, when the metal 
has drawn out, occurs. 

The fracture of the test piece starts at 
the centre and following a diametral 
plane through the drawn down section 
of minimum area, continues along this 
diametral plane until it meets the middle 
of the crescent section ring. 

This ring, acting as a hoop of greater 
resistance than the neighbouring part, 
through the palrtial compression of the 
metal, limits the breakage along the dia- 
metral plane: the breakage there upon 


(1) It has been known for a long time that, when 
making tensile tests of iron, metal at the periphery 
behaves in a different manner from that at the centre 
of the test piece. 

The engineer Perronet (1708-1794) who carried 
out tensile tests of iron, noted that in these tests 
« the metal at the surface offers grealer resistance 
than that in the interior »; that is to say, the parts 
at the surface only break after those at the centre 
of the test piece. Traité de la Construction des Ponts 
(Treatise on the construction of bridges), by GAUTHEY, 
published hy Navier, in 1813 (vol. II, p. 150). 


follows the interior surface of the convex 
arc of.'the crescent. 

This final fracture may occur in two 
different ways : either entirely from one 
side in relation to the diametral plane of 
initial breakage (fig. 10) and retain, in 
this way, on the periphery of the reduced 
ainea, a small circular collar which forms 
what is known as ‘tthe cup; or partially 
from both one and the other side of the 
initial plane of breakage, which gives the 
fracture an inclined whistle like surface 
often called « flute tip » (fig. 11). 

To sum up, the complete or partial 
collar is due to the striction of ‘the metal 
in the groove, which in drawing down, 
by opposing any local extension, makes 
the crescent section ring at the bottom of 
the groove more ductile. 

When the metal breaks without local 
contraction of area, there is no trace of 
any collar at the periphery of the cross’ 
section of the ‘test piece (figs. 12 and 13). 

When there is a very slight reduction, 
there appear at the periphery of the frac- 
ture small fins which are the first begin- 
nings of a collar (figs. 14 and 15). 

The height of the collar increases then 
with the ductility of the metal, but it is 
often affected by the local surface work- 
ing due to the lathe tool. 

In this way, a very ductile steel, turned 
very carefully, that is to say, by finishing 
the test piece by very fine cults, gave 
when tested a high and complete collar 
(figs. 16 and 17). 

A test piece turned without the same 
care, that is to say, after a heavy cut and 
without a proper smoothing cut, shewed 
under test. as a result of this cold working, _ 
circular marks or lines of differing re- 
sistances, which started the breakage 
along certain of these marks, and in addi- 
tion the edge of the collar was broken 
away in steps (figs. 18 and 19). The 
turners to avoid this were told to finish 
the test pieces with the least surface 
working, although as far:as concerns mild 
steels, the fractures of which start at the 
‘centre of the test piece, ‘a slight amount 


Figs. 12 and 13. Figs. 14 and 15. Figs. 16 and 17. Figs. 18 and 19. 


Figs. 12 and 13. — Fracture without reduction in ‘area. 
Figs. 14 and 45. — First beginning of the small collar. 
Figs. 16 and 17. — Complete small collar in a mild steel test piece. 


Figs. 18 and 19. — Small collar broken away in steps. 


Figs. 20 and 21. Figs. 22 and 23. Figs. 24 and 25. Figs. 26 and 27. 


Figs. 20 to 23. — Examples of fractures with broken up small collars. 
Figs. 24 and 25. — Cup shaped fracture with first beginning of a central hole. 
Figs. 26 and 27. — Whistle shaped fracture with broken up small collar. 


Figs. 29 and 30. — Irregular drawing 
out of the tensile test piece cut 
from steel of the axle (fig. 28). 


Figs. 31 and 32. Figs. 33 and 34. Figs. 35 and 36. Figs. 37 and 38. 


Figs. 34 and 32. — Fracture of nickel steel. 
Figs. 33 and 34. — Fracture of manganese steel. 
Figs. 35 and 36. — Fracture of nickel steel. 
Figs, 387 and 38. — Fracture of nickel-chrome steel. 


ie Fig. 40. a Fig. 41. ‘Fig. 42. 

Fig. 40. — The effect of non-metallic inclusions on the form of the fracture 

oat hers Figs. 44 and 42. — Section through fractures x - 
of two test pieces shewing that fracture commenced at the centre. ugha 


a cutter teeth » of the fracture (figs. 37 and 38). 
; ae Enlarged 15 times. 


‘Figs. 44 and pee Example of cup shaped fracture 
in a rectangular section test piece. 


$ Fig. 43. — Whistle 
shaped fracture with separation. 


Figs. 46 and 47. — Example of flute tipped fracture 
in a rectangular section test piece. 
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of surface cold working has little import- 
ance. This is not the case with hard 
steels which often bend and break, ‘the 
exterior defect starting in this case the 
fracture. 

Figures 20 and 23 shew fractures in 
which the collar is divided, a part being 
on each of the two sections of the broken 
test piece. The breakage of the edge of 
the test piece then does not occur along 
a generator parallel to the axis, but is 
inclined with regard to the meridians 
in the form ofa helice. 

Contralrily to the hypothesis of certain 
authors, the breakage ends, but does not 
begin on ithese helices. 

The fracture shewn by figures 20 and 21 
has the broken up collar with many fins. 
That of figures 22 and 23 has the broken 
collar in two parts; it is the whistle 
shaped fracture. 

Figures 24 and 25 shew cup shaped 
fractures, that is to say, with complete 
collar, and at the centre of the test piece 
the beginning of the small central hole 
noted by Duguet, the origin of which we 
explained above. 

Figures 26 and 27 shew a whistle shap- 
ed fracture, that is to say. with the collar 
divided into two parts, one on each half, 
and the beginning of the small central 
hole. 

The break in steps on the helicoidal 
edge of the collar is caused by shock due 
to the lathe tool, as explained above. 

When the steels are physically hetero- 
geneous, the fracture of the tensile test 
piece is also irregular. Thus, figure 28 
shews the fracture of a tramway axle 
biroken in’ service; tthe metal, a mild 
nickel ‘steel of about 42 kgr. (26.7 tons 
per square inch) tensile strength was 
very heterogeneous. The tensile itest 
piece taken from the axle contracted 
locally after a very small extension; 


figures 29 and 30 are two views diame- . 


trally opposed of this very irregular 
drawing out. 


The special steels also shew therefore 
varied appearances at the surface of the 
fracture when tested in tension, Figu- 
res 31 to 38 are fractures of various kinds 
of steel: nickel (figs. 31 and 32); man- 
ganese (figs. 33 and 34); nickel (figs. 35 
and 36); and nickel-chrome (figs. 37 
and 38). 4 

Figures 37 and 38 illustirate ithe frac- 
ture called toothed, and figure 39, en- 
larged 15 diameters, one of the teeth of 
this fracture. 

The special heterogeneity due to non- 
metallic inclusions also affects the form 
of the fracture, as is shewn in figure 40. 

Figures 41 and 42 shew the cup of two 
broken tensile test pieces, the first cup 
shaped, the second flute tip shaped. 
When the two faces of each fracture are 
brought together .in their proper posi- 
tions, it is noted that the peripheral zone 
alone makes contact, and that the two 
cenitral faces are separated, which is the 
result of the fracture having started at 
the cenittre of the test piece, as we have 
already seen. 

Figures 43 shews, in a whistle shaped 
fracture, a separation at the middle of 
a helicoidal line :. now ithis separation 
would not exist if this helicoidal line was 
the beginning of the fracture. 

When, in place of being circular, the 
section of the test piece is square or rec- 
tangular, the contraction of area does 
not keep the same form as ‘the initial sec- 
tion : the sides turn in ‘towards tthe cen- 
tre, as is seen in figures 44 and 45. As 
the reduction of area becomes more 
marked, the peripheral compression, by 
local contraction of the metal, increases, 
and the faces curve in more and more, — 
whilst the tops of the angles tend to bend 
outwards. In these” fractures of test 
pieces of rectangular section we find 
again the cup shaped breakage (fig. 46) 
and the whistle or flute tip shaped frac- 


‘ture (fig. 47) with its variants following 


the line of fracture. 
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The chevron-shaped fish plate, 
By Grorczs COULLIE, 


CHIEF PERMANENT WAV ENGINEER, MIDI RAII.WAY COMPANY, 


and 


Louis CADIS, 


ASSISTANT PERMANENT WAY ENGINEER, MIDI RAILWAY. 


Figs. 1 to 9, pp. 830 to 834. 


(Revue générale des chemins de fer.) 


I. — General remarks on fish plates. 


The use of long fish plates of plain 
section with large bearing surfaces on 
the rail is often suggested as a method 
by which the destructive effects of the 
joint can be appeciably reduced. Whilst 
many tests have been and are still being 
made in this direction, another tendency 
has been noticed for some time and con- 
sists in placing the end sleepers close 
together and using shorter fish plates 
acting like a bridge joint. 

Although in some instances a definite 
improvement has been obtained, it does 
not seem that any entirely satisfactory 
solution of the joint question is to be 
found in any such arrangement. Once it 
is decided that welded joints are out of 
the question, more or less play between 
the rails and the fish plates must be con- 
sidered'as unavoidable, and consequently 
the fish plate must be so arranged as to 
adapt itself to any such play. The de- 
signs mentioned above are not free from 
criticism from this pointt of view. 

If we suppose contact between the 
rails and ithe fish plates over the full 
length of the latter when there is no load 
on the joints, it would obviously be ne- 


cessary for this contact to be maintained 
under load so that the deflection of the 
fish plates would continue to mate with 
that of the rail ends. In actual practice 
this condition cannot be met (7), and, to 
a still less extent, as the area of the bear- 
ing surfaces increases. 

Lengthening the fish plates undoub- 
ttedly offers the advantage of ensuring 
that they and the rail ends work more as 
a unit :.on the other hand, increasing the 
length would appear likely to facilitate 
the steady increase of any initial play by 
accentuating the effects of the deflec- 
tions within the elastic limit acting 
against the fish plate. With short fish 
plates used in conjunction with joint 
sleepers, these effects are reduced, the 
closer spacing of the supports being itself 
a favourable factor. 


(4) « In the whole of the types of fish plated joints 
examined, such as unsupported joints with angle fish 
plates and Z fish plates with four and six bolts, joints 
on two sleepers, scarfed joints, and joints with sup- 
porting fish plates, the fish plates can only limit the 
independent deflections of the rail ends to a certain 
extent, but cannot prevent them. » (Note on the sub- 
ject of Ballast, by Alex. Wasiutynski. Bulletin of 
the Railway Congress, October 1900, p. 3343). 
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A disadvantage of another kind follows, 
however; any given pilay results in a 
more marked movement of the fish plate 
relatively to the rail and a more notice- 
able break in the running surface of the 
rail. 


The sketches, figure 1, shew the relative 
positions of the fish plates and the rail 
ends during the movement of a load 
across the joint. The following remarks 
may be made : 


1st note. — During the movement of a 
load across the joint, the fish plate acts 
first of all on the trailing rail at ithe end a 
of its lower bearing (fig. 1, sketch 2). 
As the end of the rail bends the point of 
application of the load then moves for- 
ward regularly until it is under the end 


From a consideration of the behaviour 
of very worn fish plating, a new solution 
of the problem may be imagined which, 
by making good these defects, appears 
to be more satisfactory than any arran- 
gement in use so far. 


of the fish plate. At the same time a gap 
is formed at b between the end of the 
trailing rail and the top of the fish pliate. 
The head of the trailing rail, not being. 
in close contact with the top of the fish 
plate when the wheel comes on it, ham- 
mering increasing in amplitude takes 
place as each wheel passes, finally caus- 
ing the joint to get out of order ‘to an 
extent that cannot be tolerated. 

These movements are hardly appre- 
ciable on a joint in good order : there 
appears to be no doubt, however, that 


~ the sleeper. 
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none the less the fish plate and rails take 
up in turn these relative positions. The 
characteristic wear of the fish plates 
shews that this is so (fig. 2). 


‘coed ace as 


Fig. 2. 

If these defects are to be avoided, the 
gap mentioned above must close up be- 
fore the rolling load clears the joint. 
This result can be obtained if the trailing 
rail is sufficiently flexible, and if the 
point of application of the force which 
tends to depress its end remiains in its 
limiting position, definitely in front of 
the point of support of the rail on the 
joint sleeper. — 

In tthis connection a weak point in the 
short or long bridge joint fish plates may 
be noted. 

These fish plates act on the trailing 
rail in line with its point of bearing on 
In order that the end of the 
rail should remain or come in contact 
with the top of the fish plate at the mo- 
ment a wheel is about to pass over the 
joint, ‘the (trailing joint sleeper would 
have to deflect appreciably under the 
load transmitted to it by the fish plate. 
As the value of a solid bearing under joint 
sleepers cannot be disputed, this condi- 
tion cannot possibly be met. 


2nd note. — As soon as, and whilst, a 
rail is directly loaded, the fish plate bears 
on two clearly defined points : 


a) On the upper bearing surface of the 
fish plate close to the end of the rail; 

b) On the lower bearing surface of the 
fish plate in line wiith the end of the fish 
plate. 


Attention becomes drawn to the possi- 
bility of making the bearing surfaces of 
the fish plates very small by limiting 
them to the serviceable part, that is to 
say, to the centre part on the top face, 
and the end parts on the lower face. In 
this case the working conditions of the 


fish plate would no longer ‘be exacily 
like those just mentioned : tthe interme- 
diate positions shewn in sketches 2 and 3 
of figure 1 could not occur : there would 
be a sudden change from position 1 to 
position 4. 

It does not appear that any drawback 
would result therefrom; as a set off, by 
substituting short bearing faces for long 
ones, the objection to long fish plates is 
completely met. 

We are led in this way to contemplate 
a type of fish plate having the following 
characteristics : length considerably less 
than that of the joint, and reduced bear- 
ing surfaces which can be diagramma- 
tically represented by an inverted V 
(fig. 3). These features in themselves 
will be found to give the fish plated joint 
particular properties of great value, 
which we think should be underlined. 


All the useful information on these pro- 
perties, as well as on the manufacture and 
use of these fish plates, known as che- 
yron fish plates because of their charac- 
teristic form, is given below. 


Il. — The chevron fish plate ('). 


§ 1. — First principle. 


Let AB be a rigid undeformable bar 
with its two ends supported on two planes 
P, and P, not parallel (fig. 4). Let us sup- 
pose this bar placed in a plane S parallel 
to the edge of the dihedron P, and P, 
and at right angles to the plane bisecting 
this dihedron. Let a force act at its cen- 


(4) Patent No. 618702. 


— 832 — 


tre at right angles ito the plane S tending 
to press it against its support. 


Fig. 4. 


Supposing the bar AB can slide with- 
out friction on the planes P, and P,, 
should it at first not have been placed at 
right angles to the edge of the dihedron, 
in turning it will approach this edge and 
finally rest against it. The existence of 
friction has the sole effect of prevent- 
ing the movement from occurring if the 
angle § formed originally by the line AB 
and tthe angle of the dihedron is greater 
than a determined limit q which is a 
function of the angle of opening of the 
dihedron. 


The variation dQ of the angle § depends 
on the variation dl of the distance be- 
tween the angle and the plane S as given 
by 

2 tan w 
d§ = dl 
Leos 6 


in which w is half the angle of opening 
of the dihedron and L the length of the 
bar AB. : 

In order that for a given pressure act- 
ing on the straight line AB ‘the corres- 
ponding raising of this line should be the 
maximum or, in other words, tthat a va- 
riation dl should cause the most marked 
variation of d6, the angle 6 should be 
made tthe largest possible at ‘the begin- 
ning, and this is none other than the 
limiting value q as defined by the pre- 
ceding condition. 

This condition is furthermore explain- 
able as follows (2): 


sin? w COs w 
7 

f being the coefficient of friction of the 

bar AB on the planes P, and P,,. 


tan 6 = tana—= V1 — f2 tan? w 


(1) When the straight line AB moves towards the edge of the dihedron its end A describes an ellipse 
on plane P, by the intersection of this plane with the straight cylinder having for its base a circle of dia- 
meter L which the following sketch defines with sufficient accuracy. 


The force F acting at A can be resolved in the three following directions : at right angles to the plane 


Fig. Te a 


tangular shape (figs. 6, 7 and 8); 
upper corners D and E of the rectangle © 
are set down and the middie part of the 


ne. 


sag ie give to ‘the etait 
on the axis of ithe rails is approximate. 
~ ty 50°. The formula given earlier gives 
53° if the coefficient of friction be taken 
as 0.15. 
In practice the chevron fish plate looks 
like an ordinary short fish plate of rec- 


used when the joint sleepers are spaced 
0.400 m. (1 ft. 3 3/4 in.) centre to centre. 


q ‘bottom edge FG cut away. The bearing FG = 220 mm. (8 11/ 1 inches). 
:. faces RS, FP, QG should be short. Asa RS = 80 mm. (3 5/32 inches). 

, guide the following dimensions may be FP = QG = 40 mm. (1 9/16 inches). 

.) a ies 

— ah SS SS SSS SS nn a ae ee 

ny P, at A, in plane P, tangent and at right angles to the ellipse traced by the point A. If N be the component 
ag: at right angles to the plane P,, and T the component tangential to the ellipse, 


the ratio 
2 
tan 9 = te 


7 


which can be written 


;) ‘ Sie tan? 
A. ‘ sin? @ 


al 


= A DTI 


sin? w cos? Ww 


+ sin4 w 


' : ae 
simply shews that the ratio is equal to the coefficient of friction. 
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The other dimensions, height and 
thickness, depend on the type of rail in 
use and on the loads to be carried by the 
track. Any profile which does not in- 
terfere with the normal working of the 
fish plate can be used. The fish plate is 
bolted up to the rails by two bolts : the 
use of self locking nuts is recommended. 


§ 3. — Propeities. 


A, — When tightly bolted up to the 
rails, the chevron fish plate slightly lifts 
up the joint. — The chevron fish plate 
is in principle composed of two rigid 
bars AB and B,C inclined in opposite di- 
rections and invariably attached to each 
other. The fish plate bearing surfaces 
form the planes P, and P, defined above. 
When bolted up to the rails, the bars AB 
and B,Ctend to close the angle each 
makes with ithe axis of the correspond- 
ing rail. The relative movement of the 
bars and the rail ends is made possible 
by the presence of ithe joint on tthe line 
of the top of the inverted V formed by 
the two straight bars: the ends of the 
rails become raised. 

The joint can be kept slightly high in 
this way. 


B. — The chevron fish plate assures 
the simultaneous displacement of the 
rails concerned during the passage of 
rolling loads. — A load P between the 
joint and the leading sleeper tends to 
cause the leading rail to sink in relation 
to the trailing rail. The fish plate meeis 
resistance at C and tends to tilt and the 
angle between the straight line AB and 
the axis of the leading rail to open. The 
pressure exerted at A and B between the 
rail and the fish plate becomes .augment- 
ed thereby. 

As it is strained at C downwards, the 
trailing rail bends; if, after taking the 
moment of inertia of the rail into ac- 
count, the distance CN between the end C 
of the fish plate and the trailing sleeper 


is great enough, this bending is not ac- 
companied by any reduction in the angle 
between the straight line B,Cand the axis 
of the leading rail; the fish plate and 
the trailing rail remain in close contact 
at B, and C. 


The property A contributes to this 
result being obtained. When ‘the fish 
plates are thoroughly tightened up, an 
elastic deformation of the rails results : 
any movement of the joint tending to 
reflect itself in a reduction in the pres- 
sure of the fish plate on the rail is ac- 
companied by a slight lifting up of the 
rail ends which thereby bear constantly 
against the top of the fish plates. 

Under these conditions hammering of 
the rail ends on the fish plates cannot 
occur; the presence of the joint is only 
noticeable by the interruption in the 
running surface. It should also be re- 
marked that if proper advantage be suit- 
ably taken of this property A the effects 
thereof can be largely diminished. 


C. — The use of chevron fish plates 
makes it unnecessary to loosen the joints 
as usually prescribed at the approach of 
hot weather. — A load placed slightly 
ahead of the joint causes a slight raising 
of the end of the corresponding rail. 
The angle formed by the straight line AB 
and the axis of this rail tends to close, 
the fish plate being hindered from fol- 
lowing the lifting movement by the re- 
sistance the trailing rail exerts on it at B. 

The result is a slight loosening of the 
joint in relation to the teading rail, 
which is sufficient to allow the rails to 
expand or contract without. deformation, 


= 
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The same effect is obviously produced 
in the trailing rail when tthe load moves 
away from the joint. 


D, — A joint fitted with chevron fish 
plates offers little resistance to electric 
currents. — This property is a direct 
consequence of the permanency of the 
contacts at ABB, and C between the rails 
and ithe fish plate; the bearing surfaces, 
having been properly cleaned when put 
in place, remain clean. 


E. — The essential advantages of the 
chevron fish plates are not destroyed by 
long use. — As the several bearing sur- 
faces remain always in contact with the 
rails, they wear regularly. Any loss of 
height idue to wear can be taken up by 
periodically tightening up the fish plate 
bolts. 


§ 4. — Rules to follow when using 
chevron fish plates. 


The joint sleepers should be so spaced 
between centres that the distance be- 
tween the actual points of support of the 
rail is several centimetres greater than 
the Jength of the fish plate, the joint sup- 
posed to be under load. For chaired 
track, this distance should be measured 


between the inside edges of the joint 


chairs. 

Before putting these fish plates in 
place, the rails should have the trenails 
or coach screws removed from at least 
two sleepers on each side of the joint. 
This first operation having been done, 
the fish plates should be offered up to 
the rails and the fish plate bolts intro- 
duced and lightly tightened up. The 
joint should then be raised by means of 
crow bars a few millimetres above the 
normal running level of the rails: the 
bolts should then be tightened up fully, 
the platelayers responsible taking care to 
tighten the nuts in turn and each bolt a 


little at ia time, so as to get them uniform- 
ly tight without any tilting of the fish 
plate. Once the bolts are tight the joint 
is left to itself, the trenails or coach 
serews are redriven and the sleepers 
thoroughly packed. When the work has 
been completed, the joint should be 
slightly high; this lifting of the jrail ends 
should never exceed three millimetres 
(1/8 inch). 

When a line is used as the return rail 
for electric currents, the bearing surfaces 
on which the fish plates are carried 
should be thoroughly cleaned before the 
fish plates are put in place. 

‘As ‘the elastic deflection of the rails 
keeps tthe fish plate bolts constantly in 
tension, there is little likelihood of the 
bolt nuts slacking back. As the chevron 
fish plate loses most of its properties if 
the nuts slack back, it is indispensable 
during the first few months that the 
joints should be frequently gone over: 
these inspections can be made at much 
longer intervals after the second month. 

The use of self locking nuts on the bolts 
would provide an additional guarantee. 


1II. — Conclusions. 


The first tests carried out with che- 
vron fish plates confirmed the correct- 
ness of the various arguments given 
above. Definite conclusions on improv- 
ed running and on the conductivity of 
the joint cannot at present be formulated, 

The results obtained, however, are suf- 
ficiently promising for this new and par- 
ticularly simple and inexpensive solu- 
tion of the joint problem to be carefully 
followed up. 

Tests on a wider scale are now being 
made, and care will be taken that a de- 
tailed report thereof will be presented, 
as our sole desire has been to make a 
modest contribution towards the import- 
ant question of the improvement of rail 
joints. 


[ 313: 625 143.3 ] 


Statistics of rail breakages during the year 1926. 


In accordance with the resolution passed at the London Congress, 1925 (!), we 
publish below the information which has been sent in by the adherent administrations 
on the subject of the breakages of rails which occurred on their systems during the 
year 1926. 


(4) See Bulletin of the Railway Congress, March 1926, p. 240. 
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SR A 


Age of rails : 


NAMES 
OF 
ADMINISTRATIONS 
AND 
DESCRIPTION 
OF 
RAILS. 


Less than 5 years. 6 to 9 years. 


Number of fractures. Number of fractures. 
Year min” 6 Se. oe ee Year 


of of 


Length of single track 
with each rail profile. 


x 
3 

manufacture. rc} manufacture. 

i 


In the length 
At 
the joint. 
At points 
and 
crossings. 
In the length 
of 
the rail 
At 
the joint. 
At points 
and 
crossings. 
Total. 


— 
iS 
~ 
<>) 
Cc. 
1 
co 
cc 
— 
Cc 
ras! 
os 
— 
i.) 


Miles, 
BELGIUM. 


Belgian National 
Railway Company. 


Light rails : 


of a weight less than 42.5 ker. 
per metre 
or 85 lb. per yard. 


Weight ; 38 kgr. ) 
(76.60 Ib. per yard), 
profile adopted in 1863 (steel). 


Weight ; 40.65 kgr. 
(81.94 lb. per yard), 1 607.215 1922 to 1926 —“ aux 1 1 1918 to 1921 
profile adopted in 1898. 


no 
no 


Medium rails : 


of 42.5 to 52.5 ker. 
per metre 
(85 to 105 lb. per yard). 


Weight : 50 kgr. 
(100.79 lb. per yard), 
profile adopted in 1910. 


Weight : 52 ker. 
(104.82 1b. per yard), 
profile adopted in 1886, 


1 752.906 an 1 6 8 15 1919 to 1921 


c) 
oo 


12 22 


297.813 nen 200 oct ad ses 3 fae 


Heavy rails : 


of a weight equal to or greater 
than 53 kgr. per metre 
or 106 lb per yard. 


Weight : 57 kgr. 
(114.90 lb. per yard), 308.331 nae Se ce ae fcc — aS Se aes ite 
profile adopted in 1907. 


ee 


Total. . . | 4102917 oe 1 6 9 16 He 


ww 
o 
— 
> 


24 


Number of train-miles : 46 490 095, 
Total number of fractures : 435. 


Number of fractures per 10 000 000 train-kilometres or 6 250 000 train-miles ; 58.14, 


Note. — This return has been prepared in the form desired by the London Congress of 1925 except as regards the length ef single 
single track of each profile. 


Age of rails : 
eee es ee ee eee ee ee 


15 to 20 years. more than 20 years. 


Number of fractures. Number of fractures. 
Year Year 


of of 


Total 
number of fractures. 
Number of fractures 


Maximum azle load. 


and 
crossings. 


manufacture, manufacture. 


the joint. 
At points 
and 
Total. 


s 
ye) 
oo 
i=} 
oO 
— 
o 
a 
~) 
a 


In the length 
At 
the joint. 
At points 


crossings. 
Total 
per 1 600 kilometres or 625 miles. 


_ 
ow 
— 
Cc 
— 
ou 
_ 
for) 
— 
~ 
~ 
Dn 
i 
c 
wo 
= 
ne 
— 
eS 
v9 
© 
Ow 


24 
Pounds, 
Rast cs oe ae oe oe 20 oes 1 21 21 95.49 
1907 to 1914 22 24 16 62 1898 to 1906 42 61 21 124 189 73.7 
1910 to 1914 if 43 3 53 ane oa oe Ao5 es 90 Soleo) 
44 090 
1907 and 1908 1 Die n 4 1887 to 1906 vA 28 8 57 61 127.3 
1907 to 1912 19 44 ll 74 or ms oe aoe noe 74 149.0 
aes 49 113 31 198 Be 83 89 30 202 435 re 
At the joint. Outside the joint. re Cae 
ES Light tals. wee ee 40 % 40 % 20 % 
Percentages of fractures : Il. Medium rails: . . . . 57.6 % 21.2 % 21.2 % 
DED Cave VOtls n. G. ve van vs 59 % Pa (os 14% 


rack of each class of rail grouped by age, whieh information we are unable to supply. We have therefore only given the total length of 
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DESCRIPTION 


18.0 


14 


17,89. 


13 
-miles 


12 
7.091 


Miles. 


11 


6 250 000 train 


Number of fractures per 10 000 000 train-kilometres or 


10 


g 
12.415 


Miles. 


Miles. 


On this line no broken rail reported during the year 1926. 


Miles. 


2 


per metre 
or 85 lb. per yard, 


Railway. 


- 


Light rails : 
Number of train-miles : 348 904. 


‘Total number of fractures : 1. 


Malines-Terneuzen 
of a weight less than 42,5 kgr. 
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Age of rails 


10 to 15 years. 15 to 20 years, More than 20 years. 


5 to 10 years. 


Less than 5 years. 
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ADMINISTRATIONS 
AND 


DESCRIPTION 


Light rails : 


or 8 lb. per yard, 
Mediwm rails : 


of 49.60 kgr, per metre 


(100 lb. per yard), 


Heavy rails: 


of 64.50 kgr. per metre 


(130 lb, per yard). 


Number of fractures per 10 000 000 train-kilometres or 6 250 000 


16 858 293. 


Number of train-miles : 


train-miles ; 89.5. 


Total number of fractures : 243. 
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PARIS, LYONS AND MEDITERRANEAN RAILWAY. 


Broken rails eccurring during the year 1926. 


TaBLeE 1. 
Fractures covered by the fishplates. Fractures clear of the fishplates. 
Number. Percentage. Number. Percentage. 
MTR TY MU ATIS aercy boa sien or NS 145 30.92 324 69.08 
ECON ti Fein. espe cr .«: be 359 76.38 lll 23.62 
ICV Ve aes ne ee es ” ” 1 100 
TABLE 2. 


Fresh and clean fractures through 


the whole of the rail section. Bee ras partly old 


Number. Percentage. Number. Percentage. 
WigMtarailsy. i) 3 % .6 0 es 390 83.16 79 16.84 
Medium —— sss 2s: 334 71.06 136 28.94 
Le A ae er ] 100 ” ” 
TABLE 3. 


Rails broken into : 


2 pieces, 3 pieces. 4 pieces. 5 pieces. 6 pieces. 7 pieces. {8 and more. 
Per- Per- Per- Per- Fy Per- Per- Per- 
Number. centage. Number, centage. Number. centage. Number, centage. Number, entage. wnt ata Number. centage. 
Light raise: —. 410 | 87.42] 43 9 16 6 1.28 2 ‘0.43 2 | 0.43 > » 6 1.28 
Medium— ... 376 | 80 68 14.47] 21 4.47 1 0.21 2 | 0.48 1 0.21 1 0.21 
Heavy ——) Sacer ‘] 100 » ” ” ” ” n ” ” 2 ” ” » 


Below, for documentary purposes, the table drawn- up according to the indications 
given in paragraph II of the final requirements of the Congress of London on 
question II, for fractures occurring in November and December 1926. 


Fresh and clean fractures | Fractures with old part | Fractures with much 
through the whole of extending to the outside rusted old part not 
the rail section. surface extending to the out- 

side surface of the 
pase eae out of the foot, of the head. foot or the head. 

Number. | Pe | Number Pet 7 Nomber Per- | Number. | Pe? Number. Percentage 

* | centage. * | centage. * | centage. * | eontage. : 
Light rails . . ” ” 46 63.02 9 12.33 6 8.22 12 16.43 
Medium — .. . PA 2 42 ey) 8 8 8 8 40 40 
Heavy =e 2. 1.5 ” ” » ” ” ” n a ” n 
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NUMBER OF FRACTURES AND PARTICULARS OF TR. 


NAMES a 
OF ; AGE OF RAILS : 
SECTION eV—VweosoSsSSe——=——S—S = SSS 
ADMINISTRA- 
TIONS Less than 5 years. 5 to 10 years, 10 to 15 y ars. 15 to 20 years. More than 20 ye 
: OF 

AND a n 4 n EG n 5 n a z 
3) o -1 3 o 13 o “fo ) ie) © 
g en ee SH mis S&S wig & 
a ls 2.0 ad er) a. |S .o sl 3.0 “ is 
DESCRIPTION LINE. g Qa |Seq 8 Su |esg=4 8 34 lS_gs Ee eae y= iS 8215 
S| aks |S48l 3] o53 1848) 3] -82 [sgt 8 a83 iss81 3 | «84 {s 
oI Pre |e u Sees le) ta vena a} oI eo ol es cl ere Th 
OF =! to © Sa = | bod ~S8 = 1 boo [Sets | mod =38 bata a= a) RE 
Oo | $wa [OP S1 cs | Fme (SSSI Ss | gaye [SSSI as | Suez [SSS] sz auZ |e 
a5 inc as jut, SCH ie aS jun ae |e 
RAILS. § | ae |S.8] 5 | Aas |Se5] 8 | Aes [Sas] s | ABS [sos gs | 48s |5 
a sa |}20a) 5 = |/2O0ant 6 " |208f 6 =~ |2oqF 5 ws [2 
= 0 go oO ga wo qa a 0 g2 “4 o = 

& ° nw 8 ic) a | ° of i) uf IC) 
5 5 of 3s > of s 5 of s 5 of s 5 
iz a Z, a Zz 4 Z a Z, a 


Broken rails occurri 


1 2 3 4 5 6 7 8 9 10 1] Me 13 14 M6) 16 
INDIA, DOVINIONS, ° Miles. Miles. Miles 
PROTECTORATES 
AND COLONIES. 
AFRICA. 


Beira and Mashona- 
land and Rhodesia 


Railways. : 
Beira-Villa Machado. . . } ... a Se ia a “00 ate ms ae ss va oe ae 61 
Villa Machado-Umtali. . | ... Yee tea as ae ae ee Bs r, oe Pe 1 143 
Umtali-Salisbury. .... . J... i wae As 15 a ae aS oe sts a5 San Atos i 
. Theos) Salisbury-Bulawayo. .. |... a was ee Be a mo , aes xe ee tea 20 
Light rails : Bulawayo-Livingstone. . | 2 80 HE |S ne via 4 Pec ae en ae +2 ee ha) 207 
Livingstone-Broken-Hill. } ... ve ee 4 aA =e me sae as ae = ae 44 368 
rails weighing Broken Hill-C, Border, . } ... ae on pee <a Se 14 132 . tes 
ander 85 1b Selukwe Branch. .... A one os as pee a a oes is ee we =e 2 23 
a i West Nich Ison Branch. f ... aoe 36 aa — mee ae xa a3 ae ty Noe Es 103 
per yard. Lomagundi Branch... . | ... here ae A ae a 7 82 ote ¥ i) ae 3 ae 
Blinkwater Branch... . | ... cb Ree BH ae re8 aes 123 <5 , 
Mazoe-Branéhis..0 2s. of eee Eom nee soe rE nae ine 73 +. oo ae Neie ae a6 
Totals 4... 2 80 at oe re Ae fe) 410) — |ingae sigs nek Pree) Pia) We les. 
Number of train-miles : 3 645 250. — Total number of fractures : 120, 
: Broken rails oceurrir 
1 2 2 4 5 6 7 8 79 10 11 12 13 lf 15 16 ] 
| Miles. Miles. Miles. 
Beira-Villa Machado. . . |... on ae 7S ces Tet 5 Be aes oe 54 Bes we 61 © 
Villa Machado-Umtali. . |... 58 ee se re Ps igs aes on as ah Sas aoe 85 : 
E : Umtali-Salisbury. .... |... ~~ a ae a eC ta wes = a ee eevee 170 |. 
Light rails: \ Satisbury Bulawayo. . | |... sei sieran Vitro die eet rote (paca  aSos Reel Pe = ve f 16 | 207 133. 
Bulawayo-Livingstone. . | ... 80 as ae Be a es =e ae 3 vas a ll 207 133: 
rails weighing Livingstone-Broken Hill. } ... aor a on an a3 Ais _ tae ws Pr vest) 20 368 449. 
andensoil Broken Hill-C. Border. . | ... an aaa ae eas Sr: Hes og ea 10 132 47 35 |... ne « 
: Selukwe Branch. ....] ... eed aot | hore as oe on tec eee see ee? oa nea 1 23. «127. 
per yard, ‘West Nicholson Branch . 4 ra “ae fe ee Bde tec in ie ine he ssa 1 103 | 6. 
Lomagundi Branch... | ... shi B. of de ee pe oi “ne 2 82 15.24 |... oe 
Blinkwater Branch. . . ne es me its ae od ae = me 1 123 509 Icon cae 
Mazoe Branch... 2... Ju. | oe Fon hf cae wee | one fee JE eee ees 1 73 8.56 |... ; 


Totals a. |... 138 be a6 aes cmt ae as ven of 14 | 2410) 22134 58) | oe ae 


Number of train-miles : 3 820 802. — Total number of fractures : 72. 


———————————————---- LK 
Nors, -- We have given the information section by section, roughly corresponding to the locomotive running sections, showing the train-mi 

and the maximum axle load ofthe engines in eyery case. We have also attempted a classification as far as possible in accordance with part II of i 
Suggestions adopted at the general meeting of the London Congress in 1925. We were unable to prepare this classification in the form decided ur 
at that meeting as the manner in which we keep our records did not permit of this. . 


Classification according to part Il of suggestions adopted at the General Meeting 
of the London Congress in 1925. 


Percentage of fractures in res- B 
pective portions of the rails 
Maximum covered by and clear of the Percentage of fractures according to the appearance of the fracture : 
me Maximum fishplates. 
eee ules speed Z 
3 axle load 2 & 4 2 S = 3 
per aa of oa Se Cae BSS 84 8 Set 3 
os 5g cee S cu oe ae i 8S ese | BE 
(engines). ; Belg: 2 3 see 3 gee BOS BESS oe 343 
sect'on. : as » so a3 BB Fas 2atc3 3s 228396 oo” 
Q) Se a4 ae. 2 SessSy | 2SERSE x gé€§ 
permitted. as 8 a gas Sahu BS RERHSS ‘aacge 
& 2 inns a - mPa Be Sa Es B2* 
Ss a s See = 3° aie 
= P<) = S 
a a OE A 2 SU SS EE ee Ee SS 
uring the year 1925. 
18 19 20 21 22 23 24 26 26 
Miles 
Tons. (wits. per hour. 
102 500 9, 12) 30 (a) 
474 050 12° 18 30 (a) 100 100 
546 500 13 00 35 os tS ace a8 Ac 
643 000 13 00 35 (b) 5 95 35 55 10 
635 65 13. 00 35 (b) 13 87 37 63 aoe 
745 850 13 = 00 35 7 93 34 6 
249 050 12? £8 35 100 86 14 
20 500 om 12 25 100 50 5 
30 050 125) 301 30 
69 6C0 ¥ i Cy 100 30 57 13 
5) 
igeaae 
25 
TF 700 9 12 30 100 100 
3 645 250 oo tek 6.66 93.33 41.66 35.83 2.5 
Number of fractures per 10000 000 train-kilometres or 6 250 000 train-miles : not expressed. 
uring the year 1926. 
18 19 20 21 22 23 24 2 26 
Miles 
Tons. Gwts. per hour. 
90 810 9 30 (a!) 
300 495 Tee 30 ia) we 
465 027 13-00 35 (a! : aii ness ses re Bese 
636 054 13000 35 (b) 18.75 18.25 18.75 62.5 18.75 
731 085 13.00 35 (b) 9.09 90.91 9.09 72.13 18.18 
1 002 005 13-100 35 13.79 86.21 10.34 89.66 bro ves 
362 490 12 -18 35 - 100 10.00 90.00 508 ees 
22 &36 obe aee ie 25 100 na wae 100 os oo 
30 631 pew ian 30 (c) om 100 100 ace 
63 714 12 35 : aS 100 sn 100 
48 851 12 #1 30 (d 100 100 
66 804 12 30 (d) oes 100 ae 100 = 
3 820 802 cer, nse 15.73 84,27 16.47 79.43 4.1 


Number of fractures per 10 000 000 train-kilometres or 6 250 000 train-miles : not expressed. 


a a_i gE a a en EET UIE an EE annnnnEnO nan 


(a) 26 miles relaid in last quarter of year 1925..— (a') Low train mileage due to bad floods in January, February and March — 26 miles relaid 
1925, 22 3/4 miles during 1926, — (b) 80 miles relaid 1921-1922, 30 1/4 miles 80 lb. section, 49 3/4 miles 60 Ib. section. — (c) and (d) Engines of 12 tons 
ewts. axle load permitted at reduced speed ; 25 miles per hour. 

() Trucks with axle loads of 13 tons 18 cwts. when loaded to full capacity run over all sections of the line. 
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15 to 20 years. 
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Total number of fractures : 
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We had no cases of broken rails during the year 1926, 
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OF 
ADMINISTRATIONS 
AND 
OF RAILS 


DESCRIPTION 


Gold Coast 
Government Railways. 
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3 
Miles. 


Railway. 


1 
Kenya and Uganda 
Light rails : 


of a weight less than 42.5 ker. 


per metre 
or 85 lb. per yard. 


ll. 


Number of train-miles : 3 095 000. 
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Nigerian Railway. 


Light rails : 


of a weight less than 42.5 kgr. 


per metre 
or 85 lb. per yard. 


No fractures occurred on the 80 lb. section track, 
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MISCELLANEOUS INFORMATION 
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[ 383. (09.3 (.44) ] 


The Centenary of the first railway in France, between Saint-Etienne and Andrézieux. 


(Génie Civil.) 


The Centenary of the first steam railway 
in public service was observed with due cere- 
mony in England in 1925, and the Gémue Oivil 
described at the time (1) the various events 
that took place during the celebration of this 
centenary by our neighbours, such as: the 
International Railway Congress which met in 
London; the Historical Exhibition organised 
in the Workshops of the « London & North 
Hastern Railway >; and the reconstruction of 
the first train that ran between Stockton and 
Darlington in September 1825. 

A similar commemoration, though on a 
smaller scale, took place at Saint-Etienne on 
the 12 June last to celebrate the centenary of 
the opening of the first railway built in France 
between Saint-Etienne and the small neigh- 
bouring town of Andrézieux, a distance of 
about 20 kilometres (12 miles), and at the 
same time, to unveil a monument to Mare Se- 
guin, the inventor of the tubular boiler. 

The railway from Saint-Etienne to André- 
zieux was at first only worked by horses, a 
method used in England in certain mining 
districts from the end of the XVIIIth cen- 
tury. It was not until 1844, that is to say, 
several years after the locomotive was first 
introduced into France as we shall describe 
later, that the Saint-Etienne to Andrézieux 
line used steam locomotives. 

Beaunier, Director of the School of Mines of 
Saint-Etienne, then of recent creation, on re- 
turning from a visit to England in 1820, ap- 
plied for the concession to build a railway 
from « Saint-Etienne to the Loire »; this con- 


(*) See the Génie Civil, 1 August 1925 (vol. LXXXVII, No. 5, p. 101). 
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cession was granted in 1823. The « Saint- 
Etienne to the Loire Railway Company » was 
formed in 1824 with a capital of one million 
francs and the construction was started in 
1826. 

The line had cast iron rails carried on squar- 
ed blocks of stone without sleepers and was 
ready in 1827; it had cost about 1 800 6000 fr. 

he line was opened with horse traction with 
the sole object of Ininging down coal from 
Saint-Etienne to the Loire. The line was di- 
vided into four sections with stopping places 
where horses could be changed : in each sec- 
tion one horse hauled four wagons each loaded 
with about 2 tons of coal. The daily traffic 
was 128 wagons, representing on the average 
250 tons of coal. 

In March 1832 passengers were allowed te 
use the railway; they took their seats in a dili- 
gence which started from the centre of Saint- 
Etienne.’ The diligence went to the railway 
which it joined on the outskirts of the town 
where a crane lifted the body on to a truck. 
At Andrézieux contrariwise the diligence body 
was lifted off the truck on to a set of ordi- 
nary road wheels and so was able to continue 
its journey by road as far as Montbrison. 

At a later date the operating methods were 
modernised both by the use of passenger ve- 
hicles and of steam locomotives which were 
already widely used in England. 

It was on the second French railway, that 
from Saint-Etienne to Lyons, built between 
1830 and 1838 by the Seguin Brothers of An- 
nonay, that two Stephenson locomotives from 
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England worked for the first time in France. 
They were later replaced by locomotives with 
tubular boilers invented by Mare Seguin, who 
had noticed the lack of boiler capacity of the 
first Stephenson engines (his patent is dated 
1828). These locomotives were introduced on 


the Lyons line about 1835, and in 1844 steam’ 


traction was used exclusively between Saint- 
Etienne and Lyons. The journey of 60 kilo- 
metres (37.2 miles) then took two and a half 
hours. 

This line had also another important impro- 
vement — the use of iron rails on timber sleep- 
ers, like the arrangement still in use to-day on 
most railway systems. 

Such was the modest origin of the Paris 
Lyons and Mediterranean Railway which, by 
absorbing the lines of the Saint-Etienne region 
and others built later, became, in 1857, the foun- 
dation of a great system, the present import- 
ance of which there is no need to emphasise, 


as all our readers are aware; last year this 
Company carried 121 million passengers and 
51 million tons of freight. 


The Company therefore desired to honour the 
memory of Mare Seguin by erecting in front 
of the station at Saint-Etienne, his bust, which 
the Minister for Public Works unveiled on the 
12 June. On this oceasion; Mr. Gabriel Cor- 
dier, President of the Board of Directors of 
the Paris, Lyons and Mediterranean System, 
made a speech in which he recalled the emi- 
nent qualities of the inventor whose talents 
were first directed towards suspension bridges 
and subsequently to railways. In this Jatter 
field to which, above all, his name is attached, 
after inventing the modern locomotive with 
tubular boiler, he fixed the principles of con- 
struction as regards easy gradients and large 
radius curves, which fundamentally distinguish 
railways from ordinary roadways. 


